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The effects of active smoking on exercise tolterance, blbod 
' pressure, and the risk of developing cardiovascular disease have 

! been reviewed elfeehwere (U.S. Public Health Service, 1983). This 

\ chapter discusses studies of ETS exposure to nonsmokers and 

subsequent possible cardiovascular effects. The constituents that 
are thought to have the greatest effect on the cardiovascular system 
1 are carbon monoxide (CO) and nicotine. The possibility exists 

I- that the mechanisms, as well as the magnitude of the effects, 

f for acute and chronic cardiovascular effects may be different for 

exposure to whole smoke and to ETS. 


ACUTE CARDIOVASCULAR EFFECTS OF 
ENVIRONMENTAL TOBACCO SMOKE EXPOSURE 

Administration of nicotine at level similar to those induced 
by active cigarette smoking is shortly followed by increases in 
heart rate and blood pressure (U.S. Public Health Service, 1983.)i 
Platelet aggregation has been shown to be increased in in vitro 
studies, CO rapidly combines with hemoglobin in the blood to 
form carboxyhemoglobin (COHb), thereby leading to some degree 
of tissue hypoxia. CO combines with muscle myoglobin, which is 
followed by some muscle hypoxia. The level of exposure of the 
nonsmoker to these cigarette smoke constituents, however, is less 
than that of the active smoker, and the effects are expected to be 
less. 

Table 14-1 reviews some of the increases in COHb levels as 
seen in both experimental and observational studies. The levels of 
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table 14-1 Carbon Monoxide and Carboxyhemogibbin Levels in 
Nonsmoking Individuals 

Experimental Studies lControlled Ch am bersl 


No. of 

Study Cigarettes/h/10 mf 

No: of 
Subjects 

CO, 

ppm° 

Carboxyhemoglobm 

Control Change 

l 

1 

Anderson and Daihamm. 3:1 

_ 

4.5 

0.3 

0 

V 

\m 





■ 

Dahms et a!.. 1981 — 

10 

15-20 

0.6 

+ 0.4 


Harke. 1970 3,9 

7 

30 

0.9 

+ 1.2 

H 

Huchet al„ 1980 2:3 

12 

— 

H.3 

+ 0.5. 

l 

Hugod et al.. 1978 2.5 

1.0 • 

20 

0.7 

+ 0.9 


Pimm et al., 1978 2.4 

to 

24 

0.5 

+ 0.3 


2.4; 

10 

24 

0.7 

+ 0.2 

R| 

Polak, 1977 6:7' 

15 

23 

2.0 

+ 0.3 


Russell et al., 1973 15:1 

12 

38 

1.6 

+ 1.0 


Seppanen and Uiisitalbi 3.8 

28 

16 

1.6 

+ 0.4 

H 

1977 






Srch. 1967 50 

— 

90 

2 

+ 3 







Pi 

Observational Studies 








Nonexposed: Exposed 



No. of 

Carboxy- 


CO Ex- 


Study Subjects/Exposure 

Subjects 

hemoglobin! % 

pired, ppm 

a 

Follart et al.. 1982 Flight attendants/8 h 

6 

1.0:0.7 



ei 

Jarvis et al.. 1983 Normal/public house 

7. 



4.7:10:6 

vi 

for 2 h 






Lightfoot, 1972 Normal/submarine 


— :1.0 




Wald et al.. 1981 Participants in health 

6.64H 





screening program 






Jarvis et al., 1984 Normal/self report 

10 

0.9:0:8 


5.7:5,5 


Seppanen and Restaurant for 5 h 

47 

2.1:2.1 




Uusitalo. 1977 (CO:2,S-15 ppm)' 





C/ 

Office for 6 K 

15 

2.3:2.3 



2 

(CO:2.5 ppm) ; 





si 


"Carbon monoxide (CO) measured as a proxy to indicate the concentration of ETS in the 
chamber. 


COHb commonly observed in active smokers are higher, ranging 
between 4 to 6 percent, rarely greater than 12 percent (Schievel- 
bein and Richter, 1984). Because exposure of the nonsmoker is 
qualitatively different than exposure to smokers, a simple scaling 
down of effects observed in active smokers does not appear to be 
fully appropriate. Therefore, the effects of exposure to nicotine, 
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table 14-2 Resting Acute Cardiovascular Effects in Nondiseased 
Humans of Exposure to Environmental Tobacco Smoke 





Results 




Studs 


Measured 



Authors 

Population 

Conditions 

Variable 

Befbre 

After 

Luguette et al.. 1970 

40 children 

Room: 9 nr' 

Heart rate 

89 

97' 



No: cig.: 6' 
Time: IS min 

BlOod pressure 

116'6" 

120 72 

Harkc and Bleichert, 

10 

Room: n.g. 

Heart rate 

72 t 8 

74 ! r 12 

1972 


Nb; cig.: ISO 

Blood pressure 

] 23 '84 

121^84 



Time: 20 min 

Skin temperature 






(:— °C/min) 

0 

0.0273 

Rummellet al.. 1975 

St) 

Room: 30 nv 1 

Hean rate 

72 * 10 

71 ± 11 



Noj cig.: 6-8 
Time: 20 min 

Blood pressure 

111 M J 

117/71 

Hurshman et al.. !978 

8 

Room: n.g, 

Hban rate 

73 

79 



No: cig.; 2-6 
Time: 10 min 

Blood pressure 

107/6? 

114/66 

Pimm ei a!.. 1978; 

10 males 

Room: 14.6 mn 

Hban rate 

84(F) 

80(F): 


10 females 

No. cig;: 7 


77( M) 

701M). 


Age = 22.3 

Time: 2 h 





CO, or ETS need to be separately studied. In addition, consid¬ 
eration needs to be given to persons of different sensitivity or 
vulnerability. 

Healthy Subjects 

Table 14-2 lists studies that report on the consequences of 
exposure of nondiseased individuals to ETS for periods up to 
2 hours under experimental^ resting conditions. There were no 
significant changes noted in heart rate or blood pressure in school- 
aged children or in adult men and women. 

Two studies evaluated the physiologic responses to exercise 
with and without exposure to ETS. In the first, Pimm et al. 
(1978) (see also Tablfe 14-2) had subjects perform a 7-minute pro¬ 
gressive exercise test on an electronic bicycle ergometer. During 
exercise, the women had higher heart rates after exposure to ETS 
when compared with control conditions (differences of 6.3 beats 
per minute at 2 minutes and 4.5 beats per minute at 7 minutes, 
p < 0.01). The recovery heart rates were not significantly differ¬ 
ent. The men, however, showed little difference between test and 
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control conditions (differences of -0.1 beats per minute at 2 min¬ 
utes and 1.5 beats per minute at 7 minutes). In the second study, 
Sheppard and colleagues (1979b) tested 11 males and 12 females 
at two different levels of ETS (i.e., 7 cigarettes over 2 hours, CO = 
20 ppm, or 9 cigarettes over 2 hours, CO = 31 ppm). Under both 
exposure conditions, contrary to expectations, both the increment 
in heart rate and average heart rate were less with ETS exposure. 

In summary, for normal! young adult males and females, no 
significant acute effects of ETS exposure on heart rate or blood 
pressure have been reported, either under resting or aerobic con¬ 
ditions. 

There have been several studies of exposure of normal sub¬ 
jects under resting and aerobic conditions to low levels of CO but 
higher than those found with ETS exposure (reviewed in Env> 
ronmental Protection Agency, 1984). No significant effects were 
found in healthy, exercising subjects during short-term exposure 
(e.g., Drinkwater et al., 1974; Raven et al., 1974a,b; DeLucia et 
al., 1983), 
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Angina Patients 

\ 

Angina pectoris is a symptom complex involving feelings of 
j ; pressure and pain in the chest, which is produced by mild exercise 

] or excitement, presumably because of insufficient oxygen supply 

v to the heart muscle. Under conditions of ETS exposure, the CO 

(: levels are increased, thus possibly placing individuals with angina 

at an increased risk of recurrent episodes. 

Anderson et al. (1973) and Aronow and his colleagues, in a 
series of experiments (1973,, 1974, 1978, 1981) (Table 14-3), stud¬ 
ied angina patients under aerobic conditions with exposures to lbw 
levels of CO and to ETS. Ten patients with diagnosed angina pec¬ 
toris, of whom two were smokers and eight exsmokers, were tested 
(Aronow et al., 1978). Significant increases in systolic blood pres¬ 
sure and heart rate, and decreases in time to onset of angina, were 
noted when the subjects were exposed to smoke in either venti¬ 
lated or unventilated rooms (the actual levels of CO under these 
conditions were not noted). There were some subjective elements 
in the evaluation of these patients, and the physician conducting 
these tests was aware of the test conditions, i.e., smoking or not 
and ventilated or not. Consequently, the findings of this study, in 
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table 14-3 Acute Cardiovascular Effects of Exposure to CO or 
Environmental Tobacco Smoke by Nonsmoking Angina Patients 


Study 

Design 

No. 

Conditions 

Results 

Anderson et al., 

1973 

Double-blind. 
Cross-over 

HT 

CO: 50 ppm 
or 100 ppm i 
Time: 4 h 
for S days 

Mean duration before onset 
ofipain shortenedi(50 ppm 
and! 100 ppm): duration 
of ipain longer (100 ppm 
only); 

Aronow and Isbell, 
1973 

Double blind. 

Cross-over 

10* 

CO: 50 ppm 
Time: 2 h 

Times until onset decreased; 
decrease in BP and heart 
rate at angina 

Aronow, 1978 

Not blinded 

)V 

No. cigi: 15 
Time: 2 h 

Room: 30.25 m 3 

Earlier onset of angina: in¬ 
creased systolic BP and 
heart rate at angina 

Aronow et al., 1979 

Doublt-blind. 

Cross-over 

20 

COHb: 4% 

Impairment in visualization 
test 

Aronow, 1981 

Doubte-biind, 

Cross-over 

IS 

CO: 50 ppm 
Time: 1 h 

COHb: 2% 

Time until onset decreased; 
decreased systolic BP and 
heart rate at angina 


"Includes five smokers and five nonsmokers. 

*Not current smokers, 

f Includes eight exsmokers and two current smokers. 


the absence of a true double-blind approach, require verification 
by other research workers. 

The effects of rapid angina onset would be expected to be due 
to increased COHb levels. Anderson et al. (1973) and Aronow et 
al. (1973> 1981) exposed angina patients to low levels of CO. In 
these studies, angina pain appeared 1 when COHb ltevels of patients 
were measured at 2 and 4%. These studies have been reviewed ex¬ 
tensively as part of the Environmental Protection Agency’s (1984) 
activity in establishing air quality criteria for carbon monoxide. 
The review group found that the results were suggestive for ef¬ 
fects at COHb levels above 3%, based on animal and theoretical 
models. There is concern that elevated levels of CO exposure may 
affect the electrical stability of the heart in previously compro¬ 
mised heart muscle, thus possibly leading to sudden death. The 
levels reviewed in Table 14-1 are close to the 3% levell This sug¬ 
gests that there is reason to be concerned with possible effects 
of exposure. However, a firm quantitative estimate of the risk to 
nonsmoking persons, under conditions of ETS exposure, cannot 
be made from the literature at this time. 
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CARDIOVASCULAR DISEASE 
MORBIDITY AND MORTALITY 

Possible pathophysiologic mechanisms for the atherogenic in¬ 
fluence of cigarette smoking were reviewed in the 1983 Report of 
the Surgeon General. Experimental studies of subcutaneous or 
intravenous administration of nicotine in rabbits (Schievelbein et 
al. r 1970; Schievelbein and Richter, 1984) and monkeys (Liu et 
al, 1979) have demonstrated that long-term exposure leads to ar¬ 
teriosclerotic lesions. Exposure to carbon monoxide also leads to 
atherosclerosis in rabbits, pigeons, and other animals (Astrup and 
Kjeldsen, 1979). Studies of whole tobacco smoke indicate that to¬ 
tal serum cholesterol concentrations are increased and the ratios of 
the various lipoprotein fractions are changed (McGill, 1979). The 
contribution of whole tobacco smoke to modifying the lipoprotein 
fractions is not conclusive. However, there have not been experi¬ 
mental studies of the effects of ETS exposure or administration of 
ETS extracts. 


Smoking and Cardiovascular Disease 

The effects of active smoking on human health are summa¬ 
rized in the Surgeon General’s report The Health Consequences 
of Smoking: Cardiovascular Disease (U.S. Public Health Service, 
1983). The principal conclusions are that cigarette smokers ex¬ 
perience a 70% greater coronary heart disease (CHD) death rate 
than do nonsmokers and that smokers of more than two packs per 
day have 2 to 3 times greater CHD death rates than nonsmokers. 
The incidence of CHD in smokers is twice that of nonsmokers. 
Heavy smokers (more than two packs per day) have an almost 
fourfold increase. The relative risk in smokers for sudden death 
is greater than that for all deaths from CHD. The relative risk in 
young smokers is greater than that in older smokers. The rela¬ 
tive risk for young women smokers, especially those who use oral 
contraceptives, is greater than 5. 

The excess relative risk associated with smoking declines 
rapidly upon cessation of smoking, in some studies as much as 
50% in 1 year. For exsmokers who previously smoked more than 
one pack per day, the residual excess risk also declines, but never 
completely disappears. The decline in risk on cessation of smoking 
cannot be explained by differences in known cardiac risk factors 
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between individuals who continue smoking and individuals who 
have quit. Smokers who have used only pipes or cigars did not 
appear to experience a substantially greater CHD risk than non- 
smokers. 

The rapid decline in risk associated with smoking cessation 
and the greater relative risk for sudden death suggest that active 
smoking can precipitate cardiac events in individuals with preex¬ 
isting coronary artery disease. Autopsy evidence of increased arte¬ 
riosclerosis in smokers, coupled with the fact that risk of exsmok¬ 
ers never returns to the levels found in nonsmokers, suggests that 
cigarette smoking is also implicated in the development of arte¬ 
riosclerotic cardiovascular disease (ASCVD). The mechanism by 
which cigarette smoke may lead to the develbpment of chronic 
ASCVD, sudden death, or acute myocardial infarction is unknown. 
There appears, however, to be no threshold in the number of 
cigarettes smoked below which there is no increase in risk. 

Data on uptake of cotinine by nonsmokers exposed to ETS 
indicate that the exposure in nonsmokers chronically exposed to 
ETS is approximately 1% that of an active smoker (who smokes 
one pack per day) (see Chapters 8 and 12). If the excess relative 
risk for CHD mortality or morbidity is a linear, nonthreshold 
function of dose and, further, if the excess risk of CHD in a one- 
pack-a-day smoker is twofold, then the relative risk from CHD 
in nonsmokers exposed to ETS (compared to true nonsmokers) 
would be approximately 1.02. Such relative risks would be difficult 
to detect or estimate reliably in nonexperimental studies. Such 
small increases in relative risk are of the same order of magnitude 
as what might arise from expected residual confounding due to 
unmeasured covariates. Nonetheless, because of the large number 
of cardiovascular deaths each year, these possibilities deserve close 
attention and further study that could lead to firmer estimates of 
excess risk. 


Studies of Environmental Tobacco Smoke Exposure and 
Mortality from Cardiovascular Disease 

Garland et al. (1985) have reported that, in a prospective 
study of the effect of passive smoking, the age-adjusted rates 
of cardiac disease deaths in nonsmoking women whose husbands 
were former or current smokers were significantly elevated. It is 
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not certain, however, that the report is correct, because of a possi¬ 
ble miscalculation or misuse of the Mantel-Haenszel statistic and 
some other methodologic problems. Data for the wives of former 
smokers were grouped with wives of current smokers. If this group¬ 
ing were made after examining the data, which indicated that the 
risk was greater among the women whose husbands were former 
smokers, then this combination would be suspect. The p values 
based on the Mantel-Haenszel test may be inappropriate in view 
of the small sample sizes. The authors employ the Cox Propor¬ 
tional Hazard analysis to control for other factors associated with 
cardiovascular risk, such as age, blood pressure, cholesterol, obe¬ 
sity, years of marriage, etc. They report a relative risk for women 
married to current or former smokers compared with women mar¬ 
ried to never-smokers of 2.7 (Garland, 1985, corrected from an 
earlier report)i The p value (< 0.10) associated with this esti¬ 
mate is based on the asymptotic assumptions that are implicit in 

* likelihood-based inference from the Cox model. These assump- 

■ tions may not hold for small sample sizes. In summary, because of 

3. the small sample sizes, the significance calculations arising from 

* this study must be looked upon as approximations. 

* Gillis et al. (1984) reported the results of a follow-up study 

X of residents of two urban communities in Scotland. Nonsmokers 

exposed to cigarette smoke in their homes had a slightly higher rate 
} of myocardial infarction than those unexposed. The sample size 

l was small, so that few of the results were statistically significant, 

* and other risk factors for myocardial infarction were not controlled 

f' for. 

Hirayama (1984) reported the results of a 15-year prospective 
study of nonsmoking Japanese women classified at start of follow¬ 
up by the smoking status of their husbands. A relative risk from 
ischemic heart disease of 1.3 was found for nonsmoking women 
whose husbands smoked more than 19 cigarettes per day com¬ 
pared with nonsmoking women whose husbands did not smoke. A 
Mantel-Haenszel test for a linear trend was significant at the p < 
0.01 level. 

It is unlikely that Hirayama’s results can be explained by 
chance. The potential biases inherent in this study (see Chapter 
12) limit the weight that can be placed on these results. The 
observed relative risk of 1.3 is at the upper limit of the expec¬ 
tations derived from extrapolations from active smokers, unless 
the uptake of the active component of cigarette smoke to which 
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passive smokers are exposed is of the order of 10% of that of active 
smokers. Matsukura et al. (1984) have suggested that such high 
levels of uptake in passive smokers may be seen in Japan. If there 
were independent evidence that nonsmokers exposed to other peo¬ 
ple's cigarette smoke do not differ on known risk factors for CHD 
from unexposed nonsmokers* more reliance could be placed on 
Hirayama’s results. 

Svendsen et al. (1985) reported on the effect of cigarette smoke 
exposure to smoking wives among men participating in the Multi¬ 
ple Risk Factor Intervention Trial (MR-FIT).. MRFIT, which began 
in the mid-1970s, was a randomized primary prevention trial de¬ 
signed to test the effect of a multifactor intervention program on 
mortality from coronary heart disease in men with previous car¬ 
diac episodes. The men were chosen for participation if they had at 
least two of three risk factors for heart disease, including smoking, 
high cholesterol levels, or high blbod pressure. The results re¬ 
ported by Svendsen et al. (1985), based on the group of men who 
never smoked but whose wives may or may not have been smokers, 
indicate no difference between exposed (i.e., smoking wives) and 
nonexposed (i.e., nonsmoking wives) of nonsmoking men for blood 
pressure or serum cholesterol. The MRFIT study demonstrates a 
roughly twofold increase in the risk of CHD mortality and morbid* ^ 

ity among nonsmokers exposed to ETS. The sample size was small, 
and the results were not statistically significant. Adjustment for ^ 

other risk factors for CHD did not change the estimates of effect. 1 

SUMMARY AND RJECOMMENDATIONS ‘ ' 

What Is Known 

1. No statistically significant effects of ETS exposure on heart 
rate or blood pressure were found in healthy men, women, and 
school-aged children during resting conditions. During exercise 
there is no difference in the cardiovascular changes for men and 
women between conditions of exposure to ETS and control condi¬ 
tions. 

2. With respect to chronic cardiovascular morbidity and mor¬ 
tality, although biologically plausible, there is no evidence of sta¬ 
tistically significant effects due to ETS exposure, apart from the 
study by Hirayama in Japan. 
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What Scientific Information Is Missing 

1. Experimental studies with animal models need to be per¬ 
formed with ETS to determine whether the cardiovascular changes 
seen following exposure to whole smoke alko occur following expo¬ 
sure to ETS. 

2. Existing studies have not provided evidence of serious 
harm in people with heart disease.. With regard to angina onset, 
the findings are uncertain and need to be repeated. 
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